Objective: To evaluate the relationship between serum total testosterone (TT) level and lipid profile after adjusting for some traditional confounding factors, free thyroid hormones and TSH in Chinese men. Methods: This was a retrospective study based on an epidemiological investigation including 11 000 subjects. Bivariate and partial correlation analysis, multiple linear regression analysis, and a general linear model were used to assess the influence of TT on the lipid profile. Additionally, the odds ratios (ORs) (95% CIs) for hypertriglyceridemia and low HDL-C in relation to TT categories were calculated using logistic regression analysis. Results: A total of 4114 subjects whose mean age was 56.04G8.75 years were finally analyzed. There was a significant linear trend toward lower total cholesterol (TC), lower triglycerides (TG), and higher HDL-C with increasing serum TT, which remained significant after adjusting for age, BMI, fasting blood glucose, systolic blood pressure, free triiodothyronine, free thyroxine, and TSH. Compared with the bottom quartile of TT, the adjusted OR (95% CI) for hypertriglyceridemia and low HDL-C was 0.082 (0.048-0.138, PZ0.000) and 0.669 (0.503-0.891, PZ0.006) respectively in the top quartile of TT. Conclusions: TT was correlated negatively and linearly with TC, TG, and LDL-C and positively and linearly with HDL-C. Low TT might have adverse effects on the lipid profile and thus represent a risk factor for hypercholesterolemia, hypertriglyceridemia, high LDL-C, and low HDL-C, suggesting the importance of maintaining an appropriate TT level in men. (2014) 170, 487-494 possess higher risks of mortality than women (2, 3). This difference has been partly attributed to sex hormones.
Introduction
For a long time, testosterone was deemed to have adverse effects on lipid profile. A low concentration of HDL-C has been associated with an increase in the plasma testosterone concentration in male adolescents (1) . Men are also more prone to coronary heart disease (CHD) and severity of carotid atherosclerosis as well as the incidence and severity of CHD (4, 5, 6, 7, 8) . Furthermore, low testosterone is related to a number of metabolic diseases or disorders, such as insulin resistance (9) , type 2 diabetes mellitus (T2DM) (10) , metabolic syndrome (MetS) (11) , and all-cause mortality (12) . Therefore, testosterone replacement therapy (TRT) is now recommended to ameliorate signs and symptoms of some metabolic and vascular diseases in middle-aged and elderly men with low serum testosterone (13, 14) .
Dyslipidemia, one of the main risk factors for hypertension, T2DM, MetS, and CHD, is among the most important threats to public health. Hence, the relationship between testosterone and lipid levels needs intensive study. Epidemiological evidence has shown that low testosterone is related to elevated total cholesterol (TC) (15, 16) , triglycerides (TG) (15, 16, 17, 18) , LDL-C (16) and decreased HDL-C (15, 16, 17, 18) , and an increased incidence of dyslipidemia (19) in men in some but not in all studies (20, 21) . Corona et al. (22) found that TRT was associated with a significant reduction of TG and an increase of HDL-C and was able to improve central obesity (subjects with MetS) and glycometabolic control (patients with MetS and T2DM) (23) . Other studies observed no relationship between TRT and lipid profile, although some even reported unfavorable effects of TRT on serum lipids (24, 25, 26) . This suggests that the relationship between testosterone and lipid profile is complex (27) .
In addition, in the previous studies, the estimates were not adjusted or were only adjusted for the traditional serum lipid confounding factors, such as age, BMI, and fasting blood glucose (FBG). Recent evidence indicates that thyroid hormones and thyrotropin (TSH) might affect serum lipids. Our previous studies have shown that high TSH is associated with an atherogenic lipid profile independent of thyroid hormone (28, 29) , although many other clinical studies have also indicated that free thyroxine (FT 4 ) as well as TSH are associated with lipid metabolism (30) . The associations might be weak but significant. However, the effects of these hormones on the relationship between testosterone and lipids have not been addressed elsewhere, and no study has excluded the potential influences of the thyroid hormones or TSH when assessing the relationship between testosterone and the lipid status.
The inconsistent results of studies concerning the associations between testosterone and lipid profile may also be partly due to relatively small samples. In addition, data about the association between testosterone and lipids are lacking in Chinese men on a large scale. Importantly, there has been an increase in dyslipidemia prevalence in China. Therefore, in this study, we aimed to explore the association between serum testosterone level and lipid profile after adjusting for classic confounding factors and the thyroid hormones and TSH in middle-aged and elderly Han Chinese men.
Subjects and methods

Subjects
This population-based cross-sectional study was carried out in Ningyang County (Taian, Shandong Province, China) from June to November 2011. During the recruiting phase, the local-registered residents aged 40 years and older who have lived there for at least 5 years were invited to receive a screening examination, and nearly 11 000 persons participated. All participants provided an overnight fasting blood sample and were asked to complete a self-reported questionnaire.
For our analysis, the exclusion criteria were as follows: i) female; ii) no information on vital statistics (such as age or sex) or missing data on serum total testosterone (TT) or lipid levels; iii) taking medications that might affect TT level or lipid profile in the past 3 months (such as androgens, steroid hormones, Proscar, opiates, anticonvulsants, statins, or fibrates); and iv) neurologic diseases, severe hepatic or renal disorders, lung diseases, acute systemic illness, hypothalamus and/or pituitary gland diseases, or tumors that might affect TT level (such as brain cancer or prostate cancer). Finally, a total of 4114 male subjects from the general population were evaluated.
The Ethics Committee of Shandong Provincial Hospital affiliated to Shandong University approved the retrospective review of the patients' medical records and licensed the records for research purposes only.
Anthropometric measurements and laboratory methods
Weight was measured adjusting by 0.1 kg for subjects not wearing shoes. Height was measured adjusting by 0.1 cm for subjects in light clothes. BMI was calculated by dividing weight (kg) by the square of height (m). Waist circumference (WC) and hip circumference (HC) were assessed with an accuracy of 0.1 cm, and the waist/hip ratio was calculated by dividing WC by HC. Blood pressure was measured at least three times in the sitting position after a 5-min rest and estimated as the average of three readings of systolic and diastolic blood pressure.
Past medical history was assessed with a questionnaire. The diseases (hypertension, diabetes mellitus, and CHD) were based on previous diagnosis by a physician.
Venous blood samples were collected from all the patients between 0800 and 1000 h after a minimum 10-h overnight fast. Serum was separated and stored at K80 8C until analysis. Serum concentrations of FBG, TC, TG, LDL-C, and HDL-C were measured directly with an ARCHITECT ci16200 Integrated System (Abbott). Serum free triiodothyronine (FT 3 ), FT 4 , TSH, and TT were measured using electrochemiluminescent procedures (Cobas E601; Roche) at the clinical laboratory of Shandong Provincial Hospital. We performed quality control before and after the analysis every day. The intra-day and inter-day coefficients of variation were always below 5% for the lipid parameters, FT 3 , FT 4 , TSH, and TT.
The clinical laboratory carried out a small sample verification to the reagent kit, and the manufacturer's reference intervals could be used directly for the detection. The laboratory reference ranges were 9.72-27.76 nmol/l for TT, 3.10-6.80 pmol/l for FT 3 , 12.00-22.00 pmol/l for FT 4 , and 0.27-4.20 mIU/l for TSH. Dyslipidemia was defined as fasting TC R6.22 mmol/l (240 mg/dl, hypercholesterolemia), fasting TG R2.26 mmol/l (200 mg/dl, hypertriglyceridemia), fasting LDL-C R4.14 mmol/l (160 mg/dl, high LDL-C), and fasting HDL-C !1.04 mmol/l (40 mg/dl, low HDL-C) (31) .
Statistical analysis
The values are presented as the means (S.D.) or medians (interquartile ranges). The non-normally distributed data (TG) were log transformed. Due to the close correlation among thyroid hormones and TSH (28, 29, 30) , principal component analysis was used to overcome the multicollinearity among FT 3 , FT 4 , and TSH and improve the predictive ability of the model. Therefore, two uncorrelated principal components (factor 1 and factor 2) were extracted to replace the original variables. Factor 1 was more responsible for FT 3 and FT 4 , although factor 2 was more responsible for TSH. The two principal components accounted for a large proportion (81.438%) of the variance, but they were correlated with the dependent variables as well. The equations are as follows: Bivariate correlation and partial correlation were carried out to analyze the relationship between TT and lipid variables by calculating the Pearson correlation coefficients and partial correlation coefficients. Multivariate linear regression analyses were carried out using TC, TG, LDL-C, and HDL-C as dependent variables and age, BMI, FBG, SBP, TT, and factor 1 and factor 2 (FT 3 , FT 4 , and TSH) as independent variables. To further explore the relationship of TT with TC, TG, LDL-C, and HDL-C, we carried out a general linear model (GLM). The associations were adjusted for the potential confounding effects of age, BMI, FBG, SBP, factor 1, and factor 2. The c 2 test was used to compare the prevalence of dyslipidemia among subjects with different levels of TT. Furthermore, the odds ratios (ORs) and the 95% CIs for hypertriglyceridemia and low HDL-C in relation to TT were calculated using an adjusted logistic regression model with Q1: TT !14.34 nmol/l as the reference category.
All statistical analyses were carried out using SPSS Statistical Analysis System (version 18.0 for Windows). P value !0.05 was considered statistically significant. Table 1 shows the baseline characteristics of the study subjects. The mean serum TT value of the study subjects was 19.12G7.26 nmol/l. The prevalence of TT deficiency was 6.85% according to the laboratory reference range. The mean serum lipid values were 5.00G1.08 mmol/l TC, 1.40G0.82 mmol/l TG, 3.00G0.87 mmol/l LDL-C, and 1.40G0.36 mol/l HDL-C. The prevalence of hypercholesterolemia, hypertriglyceridemia, high LDL-C, and low HDL-C were 12.62, 12.64, 9.41, and 13.81% respectively, among the total study population.
Results
Correlation between TT and serum lipid profile in the study population
In bivariate correlation analysis, TT was significantly correlated with TC (rZK0.077, PZ0.000), LogTG (rZK0.374, PZ0.000), LDL-C (rZK0.069, PZ0.000), and HDL-C (rZZ0.195, PZ0.000). Interestingly, the correlations, except for that between LDL-C and TT, remained significant after adjusting for age, BMI, FBG, SBP, factor 1, and factor 2 ( Table 2) .
Multiple regression analysis yielded similar results ( Table 3 ). The independent correlates of serum lipids were assessed by taking into account age, BMI, FBG, SBP, TT, factor 1, and factor 2. TT was significantly associated with the TC level, Log TG level, and HDL-C level.
Comparison of lipid profile among different TT categories
We then analyzed the association between TT and serum lipid levels with the GLM. There was a consistent and significant decrease in the TC and TG and an increase in HDL-C with increasing TT. These estimates were also adjusted for age, BMI, FBG, SBP, factor 1, and factor 2. Table 4 shows the significant linear trend between TT and TC, TG, and HDL-C (P!0.05). Thus, subjects with lower serum TT had slightly higher adjusted TC and TG and lower HDL-C compared with those with higher serum TT. These results clearly indicate a significant negative correlation of TT with TC and TG and a significant positive correlation of TT with HDL-C, which were independent of other confounding factors.
The relationship between TT and the prevalence of dyslipidemia
The prevalence of hypercholesterolemia, high LDL-C, and low HDL-C, especially hypertriglyceridemia, decreased significantly in patients who showed increased TT (Fig. 1 ). The patients with TT higher than 23.36 nmol/l (Q4) showed a significantly lower prevalence of hypercholesterolemia, hypertriglyceridemia, and low HDL-C than those with the lowest TT at the rates of 10.12 vs 14.77% (PZ0.001), 1.65 vs 26.53% (PZ0.000), and 9.34 vs 17.69% (PZ0.000), respectively. The patients with TT !14.34 nmol/l (Q1) showed a relatively higher prevalence of high LDL-C (9.82%). However, there were no significant differences in the prevalence of high LDL-C among the four TT categories (Fig. 1) .
The above data collectively reveal the significant association of TT with TG and HDL-C. Thus the ORs for dyslipidemia adjusted by TT categories were calculated. Compared with the bottom quartile of TT (Q1: TT !14.34 nmol/l), the adjusted ORs (95% CI) for hypertriglyceridemia and low HDL-C were 0.082 (0.048-0.138, PZ0.000) and 0.669 (0.503-0.891, PZ0.006) respectively, in the top quartile of TT.
Discussion
The present study reported the relationship between TT and lipid profile after adjusting for traditional confounding factors, thyroid hormones, and TSH in 4114 middle-aged and older Han Chinese subjects. The results show that TT was significantly and inversely correlated with TC, TG, and LDL-C and positively with HDL-C. Moreover, these relationships remained significant, except for LDL-C, after further adjusting for age, BMI, FBG, SBP, FT 3 , FT 4 , and TSH. We also found that the prevalence of dyslipidemia, particularly hypertriglyceridemia and low HDL-C, decreased as TT increased.
Our results are in agreement with earlier reports. In a case-control study performed in France (16) , TC, TG, and LDL-C were higher and serum HDL-C lower in men with low serum testosterone. Similar relationships were found between testosterone and lipid profile in American (5), Finnish (15) , Japanese (18) , and German populations (19) . Nevertheless, the confounding factors adjusted in these studies were only the traditional ones, such as age, BMI, and FBG. Significant correlations can be found among FT 3 , FT 4 , TSH, and lipid profile in hypothyroidism and even in euthyroid subjects (32, 33, 34) , although not consistently (35, 36) . Consistent with these results, we still found significant correlations among FT 3 , FT 4 , TSH, TC, and TG levels (28) . Besides, in the GLMs of TC and HDL-C in our study, R-square increased due to inclusion of factors 1 and 2 (FT 3 , FT 4 , and TSH), while in that of TG and LDL-C, it remained unchanged (data not shown). Consequently, in addition to age, BMI, FBG, and other classical confounding variables, thyroid hormones and TSH may be considered. If they are not, the association between testosterone and lipid profile becomes more doubtful. In the present study, even after adjusting for FT 3 , FT 4 , and TSH in addition to the traditional confounding factors, TT was negatively correlated with TC and TG and positively with HDL-C. These results are more credible for revealing the relationship between serum TT level and serum lipid levels.
In some studies, TRT was negatively correlated with TC, TG, and LDL-C and positively with HDL-C (22, 23) , while in several studies, the relationship was found to be the opposite (21, 25, 27) . Possible explanations for the different effects involve different preparations, dosages, and durations of testosterone treatment. Additionally, the samples were relatively small. Tan et al. (37) revealed that the reduction of HDL induced by TRT was mainly HDL3-C and LpA-I:A-II particles, but not anti-atherogenic HDL2 and LpA-I particles.
We showed that the subjects with relatively low TT were more likely to have hypercholesterolemia, hypertriglyceridemia, high LDL-C, and low HDL-C, which is consistent with previous studies (19, 38) . This suggests that the subjects with relatively low TT might be prone to dyslipidemia. Thus, more attention should be paid to the lipid profile of those patients who have relatively low serum TT.
The molecular mechanisms underlying the effects of TT on serum lipids are still unclear. One study (39) showed that testosterone might be associated with changes in scavenger receptor B1 (SR-B1) and hepatic lipase, the enzyme that hydrolyzes phospholipids on the surface of HDL, facilitating the selective uptake of HDL by SR-B1, thereby exerting an anti-atherogenic rather than an atherogenic role. Other possible explanations may involve the effects of TT on insulin resistance (9) or the intermediate roles of visceral obesity (24), adiponectin (40) , leptin (40, 41) , and hepatic production of apolipoprotein A-I (42) . However, the net effect of testosterone's regulation of lipids is poorly characterized. We should also note that all currently revealed associations between TT and lipid profile were weak to modest; so, the detailed mechanisms and clinical implications of the effects of TT on the lipid profile remain to be elucidated. Low testosterone is associated with T2DM, CHD, and other diseases (4, 5, 6, 7, 8, 9, 10, 11, 12) . Several studies have searched for an association between TT and MetS. Some have found that low testosterone was related to MetS and its components (11, 18, 43) , such as higher TG and FBG and lower HDL-C, especially in patients with erectile dysfunction (44) . In the Tromsø study performed in Norway (17) , the cross-sectional analysis of 1274 men without known cardiovascular diseases showed TT was inversely and independently associated with TG and positively and independently associated with HDL-C. In our study, TT was negatively associated with WC, SBP, DBP, and FBG and had a more significant relationship with TG and HDL-C compared with TC and LDL-C. The incidence of MetS might be related to insulin resistance, and testosterone level seems to be negatively associated with insulin resistance (9, 45) . It is possible that indirect effects, such as on insulin resistance, or some unknown direct effects may contribute to the relationship between TT and serum lipids.
The strengths of our study include the relatively large sample size for the detection of the relationships between TT and serum lipids, which could partly reflect the situation of middle-aged and elderly men in our country. Moreover, we brought FT 3 , FT 4 , and TSH into our analysis, which has never been addressed in previous studies. In addition, the blood samples were obtained between 0800 and 1000 h, which could avoid the possible effects of daily variation of sex hormones and increase the reliability of our measurements.
However, this study had some important limitations. First, as we all know, free testosterone (FT) or bioavailable testosterone is a better index to reflect the genuine level of testosterone in the body as active forms of testosterone. Hence, one limitation of our study is that we did not measure or calculate FT level via sex hormone-binding globulin as a result of the limitation of our detection means and technology. Secondly, although we revealed the relationships between TT level and serum lipid levels, this cross-sectional study could not detect any causal relationship between testosterone and lipid profile. The large prospective studies are needed to clarify the above relationship. Thirdly, even though we made efforts to adjust FT 3 , FT 4 , and TSH level, there are so many variables that might affect the serum lipid levels that a few variables were not available, such as diet, smoking, drinking, and other lifestyle factors.
In summary, we found that serum TT was negatively correlated with the levels of TC, TG, and LDL-C and positively correlated with the level of HDL-C in middleaged and older Han Chinese subjects. Furthermore, the prevalence of hypercholesterolemia, high LDL-C, and low HDL-C, especially hypertriglyceridemia, decreased with increased serum TT. From a clinical perspective, we should ponder whether low TT might be related to cardiovascular disease via effects on serum lipid levels. In addition, evidence has shown that high luteinizing hormone (LH) level is related to the CHD risk or is involved in arterial dilatation as well as occlusive vascular disease in older men (46, 47, 48, 49) . LH might have an independent effect on the cardiovascular system via the LH receptor or rather be an epiphenomenon of another disease process. Hence, more attention should be paid to men with elevated LH along with low TT levels. Moreover, our study may provide some justification for TRT in spite of its controversy. Thus, further large prospective studies are needed to clarify the relationships between TT and serum lipids and confirm the clinical implications.
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